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Background: A basic assumption was that exposure to the indoor environment would
increase the manifestation of respiratory symptoms in predisposed individuals. The aim
was to investigate the proportion of perceived respiratory symptoms attributed to specific
environmental exposures, and associations related to indoor climate risk indicators, i.e.
occurrence of damp or mould, insufficient ventilation and condensation on windows.
Method: A questionnaire was mailed to a random sample of 8008 individuals, stratified for
gender and age. The response rate was 84% (n ¼ 6732). Established criteria for current
asthma were used to classify subjects into three subgroups: asthmatics, healthy and
symptomatics (but without current asthma).
Results: The proportion of symptoms attributed to specific environmental exposures
increased in the total sample and in the three subgroups when indoor climate risk
indicators, particularly damp or mould, were reported. Generally, the lowest proportions
were found for healthy and the highest for asthmatics. Univariate analyses presented as
relative risks (RR) (95% CI) showed significantly increased risks for perceived overall
influence on airways for all groups, with RR ranging from 4.3 to 6.8. Although respiratory
symptoms attributed to dust, environmental tobacco smoke (ETS) and strong scents
increased when risk indicators were reported, RR were generally lower in all groups.Published by Elsevier Ltd.
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M. Frisk et al.2032Conclusion: The high frequency of respiratory symptoms among asthmatics increased
when occurrences of risk indicators were reported. Similarly, increased symptoms were
found for healthy indicating that indoor climate risk indicators may affect both healthy
and unhealthy individuals.
& 2007 Published by Elsevier Ltd.Introduction
Studies have demonstrated an increase in the prevalence of
asthma. Although several risk factors are known1,2 the causes of
the increased prevalence are largely unknown. One hypothesis
is that environmental factors, e.g. indoor climate, exposure to
airborne allergens and changes in living habits may be
important.3,4 Changes in building techniques and the increase
in the housing stock in Sweden during the 1960s and 1970s are
thought to contribute to the current indoor climate problems.
Energy-saving measures implemented during the 1970s led to
more airtight and poorly ventilated buildings.5,6 Indoor damp-
ness increases the risk of exposure to allergens from mould and
house dust mites (HDM) and is regarded as a risk factor for the
development of respiratory symptoms.7,8 A basic assumption of
the present study was that indoor dampness and air pollution
caused by deficient ventilation would increase the manifesta-
tion of respiratory symptoms in predisposed individuals.9,10 The
aim was to investigate the proportion of perceived respiratory
symptoms attributed to specific exposures. Further to study the
association between respiratory symptoms and self-reported
occurrences of indoor climate risk indicators, in a Swedish
population.
Material and methods
Study area and study sample
This cross-sectional study was based on data from a postal
survey of the O¨rebro-section of the FinEsS-study; epidemio-
logical studies performed in Finland,11 Estonia,12 and
Sweden.2 From the population of O¨rebro, Sweden (80 569
inhabitants, aged 15–69 years), a random 10% sample of
8008 individuals was drawn, corresponding to the general
population’s age and gender. The response rate was 84% and
6732 subjects (3280 men and 3452 women) were included.
The sample was divided into subgroups and classified
according to established criteria for current asthma.13
Subjects who answered ‘Yes’ to the four questions were
regarded as asthmatics (n ¼ 261, 105 men and 156 women).
Subjects, who answered ‘No/Do not know’ were regarded as
healthy (n ¼ 5266, 2621 men and 2645 women). The
remaining subjects with affirmative responses to at least
one, but no more than three questions were regarded
as symptomatics (n ¼ 1205, 554 men and 651 women)
(Table 1). In the latter group the majority reported
respiratory symptoms without physician-diagnosed asthma.Questionnaire
The questionnaire used was developed from a revised
version13 of the British Medical Research Council question-naire.14 This study included the selection criteria and
questions about perceived respiratory symptoms attributed
to specific exposures: dust, ETS, strong scents and furred
animals. Four questions were added: perceived overall
influence on airways from the housing environment,
observed or suspected damp or mould, perceived insuffi-
cient indoor ventilation, and observed condensation on
bedroom windows during the winter. All questions used a
‘Yes’ or ‘No/Do not know’ format. The questionnaire was
mailed to the subjects, with reminders after six and 12
weeks.
The Research Ethics Committee of the O¨rebro County
Council approved the study.
Statistical analyses
Univariate analyses were employed to investigate associa-
tions between perceived respiratory symptoms attributed to
specific environmental exposures, and self-reported occur-
rences of indoor climate risk indicators. The results are
presented as crude relative risks (RR) supplemented with
95% confidence intervals (CI).
Results
Perceived respiratory symptoms attributed to exposure to
dust and ETS were reported by about one-fifth of the total
sample. The frequencies of observed indoor climate risk
indicators were highest for insufficient ventilation and
condensation. (Table 1).
About 6% of the total sample, not exposed to damp
or mould, reported perceived overall influence on
airways (Table 2). The proportion was lowest for healthy
(5%) and highest for asthmatics (15%). However, when
subjects were exposed to damp or mould the proportion
increased in all groups and the associations were statis-
tically significant with RR ranging from 4.3 to 6.8. The
same pattern, although with lower RR, was seen for
exposure to the risk indicators insufficient ventilation and
condensation.
Of the total sample 19% reported respiratory symptoms
attributed to dust when not exposed to damp or mould
(Table 3). There were large differences between the
subgroups with an increase in proportions ranging from
11% for healthy to 71% for asthmatics. When subjects were
exposed to damp or mould there was a further increase of
about 10% points in all groups. The same pattern was seen
for exposure to insufficient ventilation and condensation.
Associations between respiratory symptoms attributed to
dust and the three risk indicators were statistically
significant for the total sample and for healthy. The
asthmatics’ RR were lower and non-significant, partly due
to the high proportions (71%) of perceived symptoms in the
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Table 1 The number and proportions of subjects in the total sample (n ¼ 6732) responding to questions about respiratory
symptoms attributed to specific environmental exposures, occurrence of indoor climate risk indicators and questions used to
classify the subjects into three subgroups
Questions included in the study Total sample
‘Yes’ ‘No/Do not know’
N (%) N (%)
Perceived overall influence on airways from the housing environment 572 (8.5) 6072 (90.2)
Respiratory symptoms attributed to exposure of:
Dusta 1268 (18.8) 5217 (77.5)
ETSa 1423 (21.1) 5106 (75.8)
Strong scentsa 1015 (15.1) 5476 (81.3)
Furred animalsa 524 (7.8) 5958 (88.5)
Occurrence of indoor climate risk indicators
Observed or suspected damp or mould 448 (6.7) 6223 (92.4)
Perceived insufficient ventilation 1805 (26.8) 4829 (71.7)
Observed condensation on windows 1354 (20.1) 5286 (78.5)
Selection criteria for classification of the subjects
Physician-diagnosed asthma 451 (6.7) 6238 (92.7)
Current use of asthma medicine 511 (7.6) 6158 (91.5)
Attacks of breathlessness
Last 10 years 841 (12.5) 5840 (86.7)
Last 12 months 667 (9.9) 2891 (42.9)
Episodes of wheezing when breathing
Usually 509 (7.6) 6086 (90.4)
Last 12 months 1041 (15.5) 5525 (82.1)
aOverall environmental exposure, not restricted to the housing environment.
A cross-sectional study in a Swedish population 2033reference categories; subjects not exposed to the risk
indicators.
Respiratory symptoms attributed to ETS and strong
cents were reported by 21%, respectively, 15% of the total
sample (data not shown). The proportions were lowest for
healthy (15%, respectively, 9%) and highest for asthmatics
(60%, respectively, 54%). When subjects were exposed to
damp or mould the proportion of symptoms increased with
5% points for healthy and 10, respectively, 18% points for
asthmatics. Exposure to insufficient ventilation and con-
densation followed the same pattern. Associations between
respiratory symptoms attributed to ETS and strong scents
and exposure to the three risk indicators were statistically
significant for the total sample (RR 1.2–1.4) and healthy
(RR 1.2–1.5). For symptomatics, significant associations
were only seen between symptoms attributed to strong
scents and exposure to insufficient ventilation and con-
densation (RR 1.2 and 1.3).
The proportion of symptoms attributed to furred animals
for subjects not exposed to the risk indicators, was 8% for
the total sample and varied between 3% (healthy) and about
50% (asthmatics). As before, increased proportions, but of a
lower magnitude, were found in all groups when exposed to
risk indicators. There were no statistically significant
associations between symptoms attributed to furred animals
and occurrence of risk indicators, except for subjects
exposed to damp and mould in the total sample (RR 1.5).Discussion
The results showed that the proportion of respiratory
symptoms attributed to specific environmental exposures
increased when indoor climate risk indicators were observed
or suspected. RR for perceiving an overall influence on
airways when exposed to the risk indicators were generally
higher than the risks for perceiving respiratory symptoms
attributed to dust, ETS, strong scents or furred animals. This
may partly be explained by the wording of the question.
‘Overall influence on airways’ may be interpreted to include
important exposures related to the housing environment,
which was not explicitly asked for. The question may have
identified individuals who perceived increased respiratory
symptoms related to airway irritants or HDM. Used in clinical
praxis, this question appears to be a relevant starting point
for further assessments of the housing environment parti-
cularly dampness related problems.
As shown in other studies increased proportions of
respiratory symptoms were found particularly in relation
to exposure to damp or mould.8,9 Occurrences of insufficient
ventilation and condensation were also found in other
studies. Four out of five single-family houses and about
half of multi-family houses did not reach national building
code indoor ventilation standards.3,5 Insufficient ventilation
may increase the risk of high RH and indoor dampness is
regarded as a risk factor for occurrence of mould, HDM and
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Table 3 Associations between respiratory symptoms attributed to exposure to dust, and occurrence of damp or mould, insufficient ventilation and condensation on windows,
presented as relative risks (RR) with 95% confidence interval (CI) for the total sample and subjects classified as healthy, symptomatics and asthmatics
Total sample Healthy Symptomatics Asthmatics
Indoor climate
risk indicator
Respiratory
symptoms to dust
RR (95%
CI)
Respiratory
symptoms to dust
RR (95%
CI)
Respiratory
symptoms to dust
RR (95%
CI)
Respiratory
symptoms to dust
RR (95%
CI)
Damp or mould No 19% (1125 of 6015) Reference 11% (534 of 4777) Reference 43% (436 of 1019) Reference 71% (155 of 219) Reference
Yes 30% (130 of 428) 1.6
(1.4–1.9)
19% (59 of 304) 1.7
(1.4–2.2)
52% (54 of 103) 1.2
(1.0–1.5)
81% (17 of 21) 1.1
(0.9–1.4)
Insufficient
ventilation
No 18% (837 of 4679) Reference 11% (392 of 3708) Reference 41% (326 of 804) Reference 71% (119 of 167) Reference
Yes 24% (417 of 1728) 1.4
(1.2–1.5)
15% (199 of 1337) 1.4
(1.2–1.7)
52% (166 of 319) 1.3
(1.1–1.5)
72% (52 of 72) 1.0
(0.9–1.2)
Condensation on
windows
No 19% (952 of 5107) Reference 11% (446 of 4042) Reference 42% (365 of 867) Reference 71% (141 of 198) Reference
Yes 23% (297 of 1307) 1.2
(1.1–1.4)
14% (142 of 1008) 1.3
(1.1–1.5)
48% (122 of 255) 1.1
(1.0–1.3)
75% (33 of 44) 1.1
(0.9–1.3)
Table 2 Associations between reported overall influence on airways from the housing environment, and occurrence of damp or mould, insufficient ventilation and
condensation on windows, presented as relative risks (RR) with 95% confidence interval (CI) for the total sample and subjects classified as healthy, symptomatics and
asthmatics
Total sample Healthy Symptomatics Asthmatics
Indoor climate risk
indicators
Overall influence
on airways
RR (95% CI) Overall influence
on airways
RR (95% CI) Overall influence
on airways
RR (95% CI) Overall influence
on airways
RR (95% CI)
Damp or mould No 6% (389 of 6171) Reference 5% (229 of 4872) Reference 12% (126 of 1066) Reference 15% (34 of 233) Reference
Yes 38% (167 of 438) 6.1
(5.2–7.0)
32% (99 of 312) 6.8
(5.5–8.3)
51% (54 of 106) 4.3
(3.4–5.5)
70% (14 of 20) 4.8
(3.1–7.3)
Insufficient
ventilation
No 5% (245 of 4792) Reference 4% (140 of 3772) Reference 10% (83 of 844) Reference 13% (22 of 176) Reference
Yes 18% (319 of 1784) 3.5
(3.0–4.1)
14% (190 of 1377) 3.7
(3.0–4.6)
31% (101 of 329) 3.1
(2.4–4.1)
36% (28 of 78) 2.9
(1.8–4.7)
Condensation on
windows
No 7% (371 of 5230) Reference 6% (227 of 4119) Reference 13% (113 of 905) Reference 15% (31 of 206) Reference
Yes 14% (188 of 1342) 2.0
(1.7–2.3)
10% (102 of 1025) 1.8
(1.5–2.3)
25% (67 of 268) 2.0
(1.5–2.6)
39% (19 of 49) 2.6
(1.6–4.2)
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A cross-sectional study in a Swedish population 2035evaporation of irritants from building materials that
may cause increased respiratory symptoms in sensitised
persons.
The highest proportions of perceived respiratory symp-
toms attributed to specific exposures were found for
asthmatics. Despite this, significantly increased risks were
only found for perceived overall influence on airways.
However, it should be noted that the proportion of
perceived symptoms was high (50–70%) in the reference
groups. High RR were found for both healthy and sympto-
matics. While we do not know to what extent these
symptoms influence the individual’s health status, the
results may indicate that there is an increased degree of
sensitivity to environmental exposures even in these
subgroups. Bornehag’s et al. review also showed that
dampness in buildings was a health risk factor among atopic
and non-atopic persons, both in domestic and public
environments, and that the increased risk applied to both
children and adults.10
In this study selection bias due to low response rates is
unlikely since participation was high. The Swedish version of
the questionnaire has been used and validated by other
researchers.11,13 The added questions represented questions
used in clinical practice.
To conclude, the proportion of perceived respiratory
symptoms attributed to specific exposures were increased
when subjects reported exposure to indoor climate risk
indicators. Although the highest proportions were found for
asthmatics increased risks of perceiving symptoms also
occurred for healthy as well as for symptomatics. Since
early identification of factors that maintain or increase
respiratory symptoms is important,15 the individual’s own
perception of the effect of the housing environment should
be considered as valuable.
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